Abstract-In vitro effects of racemomycin-D on cellular metabolism were examined in rat kidney.
It has been reported previously that the administration of racemomycins caused the prominent distribution of the antibiotics in the kidney and produced a strong delayed toxicity to the kidney tubules (1, 2) . Racemomycins may be useful tools for elucidating the biochemical mechanism involved in the development of nephrotoxicity by drugs. Little is known about the mechanisms of the toxicity provoked by racemomycins.
In this paper, we studied biochemically the effects of racemomycin-D, the most toxic racemomycin so far studied (3), on rat kidney cortical cells from which we can estimate the initial cellular event in developing nephrotoxicity. Therefore, the effects of racemomycin-D on the slices, microsomes and mitochondria prepared from rat kidney cortex were examined in this paper.
Materials and Methods
Male Sprague-Dawley strain (SIc-SD) rats weighing from 200 to 250 g were used in all experiments.
Preparation and incubation of slices: Kidney cortical slices were prepared with a Electrolyte and ATP concentration in the slices: Nat, K+, and Ca2+ contents in the slices were determined using a flamephotometer (Hitachi 205D) and an atomic absorption spectrophotometer (Hitachi 170-10) as described previously (5) . Intracellular Na+ and K+ concentrations were calculated by correcting the contents in the slices for those found in the extracellular space. The intracellular concentration of ATP was also calculated after measuring the ATP content by an ATP photometer (model 2000, JRB Co.) as described previously (6) .
Preparation of microsomes and mitochondria and assays of their functions: The kidney cortical microsomes were prepared with an ultracentrifuge (Hitachi 65P), and the ATPase activities were assayed on the basis of inorganic phosphate liberated from ATP in the same manner as in our previous paper (7) . (Na++K+)-ATPase activity was calculated as the difference of ATP hydrolysis between the amounts of inorganic phosphate liberated in media with or without ouabain.
Mitochondria were freshly prepared centrifugally from kidney cortical homogenate and their divalent cation uptake and succinoxidase activities were measured using the atomic absorption spectrophotometer (Hitachi 170-10) and a conventional Warburg apparatus, respectively, according to our previous report (8) .
Chemicals: Racemomycin-D was prepared in our laboratory from the defined culture broth of Streptomyces lavendulae OP-2 strain as described previously (3) . All other chemicals were of reagent grade.
Statistics: The values were expressed as the mean+S.E. The level of significance was determined using the unpaired Student's t-test or using an analysis of variance combined with Dunnett's multiple range tests (9) in the case of multiple comparisons with a control (Tables 1, 2 and 4). P values less than 0.05 were regarded as significant.
Results
Effect of racemomycin-D on cellular parameters of kidney cortical slices: First, to clarify the inhibitory effect of racemomycin-D on various metabolic parameters in the slices, the following experiments were performed. As shown in Table 1 , neither water content nor ATP concentration in the slices was altered by racemomycin-D.
Calcium content of the slices also was not changed by racemomycin-D (Table 2) . On the other hand, the inhibitions of Na+ efflux and K+ influx in the slices were observed during the incubation with the antibiotic.
It has been demonstrated that PAH transport is affected by a Na+ gradient which is maintained by the sodium pump in kidney cell membranes (10) (11) (12) (13) (14) . Therefore, the capacity of tissue slices of kidney cortex to accumulate PAH may be used to assess the concentration gradient of Na across the cell membranes in the slices. As shown in Table  3 , the coexistence of racemomycin-D in the medium significantly inhibited the accumu- lation of PAH in the slices.
Inhibition of (Na++K)-ATPase in microsomes by racemomycin-D: As racemomycin-D depressed the transport of Na + and K+ in the slices, we can expect the possibility that the antibiotic inhibits (Na++ K+)-ATPase. Then, the effect of racemomycin-D on (Na++ K+)-ATPase which plays an important role in Na + and K+ transport through cell membranes was examined in microsomes isolated from kidney cortex (Table 4) . Racemomycin-D significantly inhibited (Na++ K+)-ATPase activities in a concentration-related fashion. When we preincubated the microsomes with Table 4 . Effect of incubation with racemomycin-D on (Na++K+)-ATPase activity of the microsomal fraction of rat kidney cortex racemomycin-D before the addition of ATP as an enzyme substrate, the inhibition of (Na++K+)-ATPase activity was more prominent. The inhibition of the enzyme was enhanced about 1.8-fold when preincubated with racemomycin-D (0.05 or 0.25 mM).
Effect of racemomycin-D on mitochondria from kidney cortex: Table 5 provides a summary of ATP-dependent divalent cation uptakes and succinoxidase activity of mitochondria with or without racemomycin-D. Incubation of the mitochondrial fraction with a concentration of the antibiotic (0.02 mM) caused about 80% reduction in Ca2+ and Mg2+ uptakes, but caused no significant change in the activity of succinate oxidation. The divalent cation transport in mitochondria might be more sensitive to racemomycin-D than (Na++K+)-ATPase in microsomes.
Discussion
It has been reported previously that racemomycin-D was distributed to a higher degree in kidneys than in any other organ after intravenous injection of racemomycin-D to rats (2) . In addition, our recent preliminary experiments show that racemomycin-D is accumulated in rat kidney cortical slices against a concentration gradient. These results suggest that the antibiotic is probably able to enter rat kidney cells.
The present study indicated that racemomycin-D significantly reduced the accumulation of PAH in the slices. It is probably relevant to note that the decrease of PAH accumulation by racemomycin-D was accompanied by the decrease of the concentration gradient of Na+ between cells and medium which is known to be a driving force of the transport of organic acids in the kidney (10) (11) (12) (13) (14) .
For the next experiment, the interaction of racemomycin-D with (Na++K+) -ATPase in the microsomal fraction was studied. It has been suggested that neomycin, a nephrotoxic antibiotic, exerts its enzyme inhibitory activity by interacting with the phospholipids of (Na++K+) -ATPase complex when the antibiotic was preincubated with (Na++K+)-ATPase (15) . The present investigation showed that it was not always necessary to preincubate racemomycin-D with ATPase to show the enzyme inhibitory activity. In addition, the preincubation enhanced the inhibitory effect on (Na++K+)-ATPase.
Racemomycin-D at a concentration of 0.02 mM exerted a strong inhibition on ATPdependent divalent cation uptake by mitochondria without the effect of the antibiotic on their respiratory chain ( Table 5 ). The findings with the effect of racemomycin-D on mitochondria make it likely that ATP synthesis in mitochondria is inhibited by the antibiotic. However, it is not possible to state why the ATP concentration in the slices was not affected by the antibiotic since we do not have any specific explanation at present for that. Sastrasinh et al. have been suggested that the inhibitory effect of gentamicin on mitochondrial Ca2+ uptake might contribute to its nephrotoxicity (16) . It is difficult to make an exact comparison, but racemomycin-D seemed to show the inhibitory effect on mitochondrial Ca2+ uptake at a lower concentration than that of gentamicin. Although this inhibition of racemomycin-D on mitochondrial Ca2+ transport may produce elevations in cytosolic Ca2+, it is unlikely that total Ca2+ content in the slices (Table 2) is affected by the inhibitory effect of the antibiotic on mitochondria since the ability of Ca2+ transport by mitochondria probably alters the intracellular localization of Ca2+ without a change in the sum of Ca2+ in the slices.
Maintenance of proper intracellular concentration of Na + and K+ resulting from the action of (Na++K+)-ATPase in cell membranes is important for many renal metabolic processes including organic ion transport systems.
Changes in cytosolic Ca2+ ion activity also are probably linked to regulation of metabolism in cells. Racemomycin-Dinduced perturbation of intracellular concentration of these electrolytes might be a potentially important factor in the development of nephrotoxicity by the drug. In the present study, we observed the changes of some parameters of renal cellular functions in vitro, but the effect of racemomycin-D on the biochemical parameters in kidney cells after the administration of the antibiotic to experimental animals was not studied. At present, we can say that our results appear to be an interesting model for further experiments which will be required to fully evaluate the significance of the findings in the present study in terms of the biochemical mechanism of nephrotoxicity by the antibiotic.
